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(57) ABSTRACT 

A latent electrostatic image bearing member including at 
least a support, a photoconductive layer on the support and a 
surface layer on the photoconductive layer, Wherein a ?lm 
having the same composition as the surface layer is formed on 
a slide glass such that the ?lm had a thickness of 5 um; and the 
haZe Value measured after rubbing the ?lm With a steel Wool 
of #000 and a load of 500 gf for 50 times is 10% or less. 
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LATENT ELECTROSTATIC IMAGE BEARING 
MEMBER, AND PROCESS CARTRIDGE, 

IMAGE FORMING APPARATUS AND IMAGE 
FORMING METHOD 

BACKGROUND 

1. Technical Field 
This disclosure relates to: a latent electrostatic image bear 

ing member used for a photocopier, a Facsimile, a laser 
printer and a direct digital plate maker, Which is hereinafter 
referred to also as a photoconductor or an electrophoto 
graphic photoconductor; and a process cartridge, an image 
forming method and an image forming apparatus Which uses 
thereof. 

2. Description of the Related Art 
Over ten years have passed since a plan of action ‘Agenda 

21’ established With hope for handing the rich global envi 
ronment on to the next generation Was adopted, and public 
aWareness toWards the environmental conservation has con 
siderably deepened. For example, separation of recyclables 
from non-recyclables and frequent use of the blank sides of 
used sheets of paper as printer sheets are examples of imme 
diate change in aWareness. Today, the environmental perfor 
mance of an industrial product has been generally empha 
siZed such that it in?uences the future of the product. Under 
such circumstance, the usage pattern of a photoconductor still 
has a strong aspect as a disposable supply product, and the 
situation is such that the impact on the global environment 
cannot be accepted. In response to this, it is required to sup 
press the abrasion and scratches on a photoconductor in vieW 
aspects of design and usage of the photoconductor. At the 
same time, the damage to the contacting members disposed 
around the photoconductor should be reduced. Once these are 
achieved, it becomes possible to suppress the temporal deg 
radation of an image forming engine. As a result, the fre 
quency of component replacement as Well as the replacement 
of the apparatus itself may be reduced, Which can contribute 
to the reduction of environmental burdens such as resource 
saving and prevention of air pollution. 
An amorphous silicone photoconductor is a typical heavy 

duty photoconductor today. The production cost of the amor 
phous silicone photoconductor is high since the manufactur 
ing method thereof is a dry process, and it is used only for 
high-end apparatuses With some exceptions. The contribution 
of the high durability of the amorphous silicone conductor to 
the reduction of environmental burdens is considered insuf 
?cient since the use ratio of the amorphous silicone conductor 
is small. In order to achieve the reduction of environmental 
burdens, it is desirable that the durability of the photoconduc 
tor is enhanced as Well as the cost is reduced to increase the 
usage ratio. To achieve this, it is advantageous to increase the 
durability of a loW-cost organic photoconductor (OPC). 
When an abrasion resistance of a metal is given to the 

organic photoconductor, the abrasion resistance equivalent to 
the increase in the abrasion resistance is required. When the 
surface of the photoconductor is scratched, the electrical dis 
charge haZard in an electrophoto graphic process concentrates 
in and alters the scratched portions. Also, grooves formed by 
the scratches are embedded With a toner component or paper 
poWder, and thus, local image de?ciencies such as back 
ground smear and blur tend to occur. As the abrasion resis 
tance further improves, a scratch once occurred cannot easily 
disappear With time as if it is engraved. As a result, the 
scratches inhibit the longer operating life of the photoconduc 
tor. 
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2 
Therefore, an improvement of the operating life of a pho 

toconductor by means of a reduction of the abrasion in the 
photoconductive layer has been examined, and various pro 
posals thereof have been made. For example, Japanese Patent 
Application Laid-Open (JP-A) No. 06-118681 proposes the 
use of a curable silicone resin including colloidal silica as a 
surface protective layer of a photoconductor. 

Also, JP-A Nos. 09-124943 and 09-190004 propose a pho 
toconductor Whose surface includes on its surface a resin 
layer in Which an organosilicon modi?ed hole transport com 
pound is bound in a curable organosilicon polymer. 

In addition, JP-A 2000-171990 proposes a method for 
manufacturing a photoconductor in Which a curable siloxane 
resin including a functional group Which imparts an electron 
transport property is cured in a three-dimensional netWork. 

HoWever, these proposals are likely to encounter problems 
such as reduction of the adhesion to a material and occur 
rences of a crack due to the use of rigid monomer for 
enhanced hardness and the increase of the distortion during 
cure time for enhanced crosslink density. Also, it is extremely 
dif?cult to resolve an issue speci?c to an electrophotography 
that a scratch is engraved even on a hard surface such as 
amorphous silicone once a very hard material such as devel 
oper carrier is adhered and rubbed on the conductor surface. 
When a photoconductor having a high surface hardness is 
used, it is restricted to use a developer carrier having an 
extremely large particle diameter or to employ a one-compo 
nent developing method so that the carrier adhesion is 
avoided. Furthermore, for the improvement of abrasion resis 
tance, it is considered advantageous to improve the stress 
relaxation rather than to enhance the surface hardness. 

So far, no effective solutions have been proposed to 
improve the durability for scratches of a latent electrostatic 
image bearing member. Therefore, a latent electrostatic 
image bearing member is protected With excessive packaging 
materials so that no scratches are made on the surface of the 
latent electrostatic image bearing member, and it is currently 
not given a status as a product Which anybody can handle With 
ease. 

SUMMARY 

In an aspect of this disclosure, there is provided a latent 
electrostatic image bearing member as Well as a process car 
tridge, an image forming method mid an image forming appa 
ratus Which uses the latent electrostatic image bearing mem 
ber, Wherein the latent electrostatic image bearing member 
requires simpli?ed protective materials and packaging mate 
rial for storage and transport; the latent electrostatic image 
bearing member may be handled by anybody With ease; an 
abnormal image caused by a scratch on the surface of the 
latent electrostatic image bearing member may be prevented 
from occurring; and the latent electrostatic image bearing 
member has a strong resistance to foreign particles so that 
carrier With small particle diameter may be used and has a 
superior self-repairing function. 
The above-mentioned latent electrostatic image bearing 

member includes a surface layer formed by applying to its 
surface a coating solution With high resilience such as self 
repairing coating. Even though the latent electrostatic image 
bearing member is scratched, a scratched portion is restored, 
and the coating ?lm on the surface is regenerated. Therefore, 
a scratch on the latent electrostatic image bearing member 
does not last, and as a result, it becomes more resistant to 
scratches. Moreover, the formation is easy With less cost since 
the surface layer is formed by applying a coating solution. 



US 7,709,170 B2 
3 

Here, the self-repairing function is a function to repair 
some abrasions or pressure dents, Which temporarily exist as 
scratches relative to other ?at surfaces, With time by means of 
the resilience of the coating solution so that the scratches 
subside. 
The self-repairing coating has a longer functional side 

chain, i.e. chain betWeen a cross-linking point and an acrylic 
main chain, compared to an ordinary acrylic resin coating. 
This indicates that the self-repairing coating has a structure 
With high mechanical ?exibility of the side chain of the self 
repairing coating and therefore the cross-linking portion With 
the acrylic main chain. Thus, this long side chain Works as a 
spring With respect to an external pressure and achieves a 
self-repairing function by means of resilience. The self-re 
pairing coating usually has a higher surface lubricity and a 
loWer surface friction factor than an ordinary coating ?lm. 
Therefore, the surface becomes slippery even though it col 
lides With a hard material; an external force is distributed 
more in a direction parallel With the coating ?lm, and a force 
in a direction perpendicular to the coating ?lm is reduced. As 
a result, the coating ?lm itself becomes prone to scratches. 

In order to develop the self-repairing function on the sur 
face of the latent electrostatic image bearing member, it is 
advantageous that a resin layer forming the surface layer has 
a netWork structure Which functions as a spring. It is prefer 
able that the resin layer as the surface layer has a cross-linking 
structure and that the cross-linking structure further has a soft 
segment and a hard segment. The soft segment alone has a 
Weaker resilience, and it is dif?cult to maintain the shape. The 
hard segment alone is inappropriate since a scratch is 
engraved. The soft segment is preferably polycaprolactone, 
and for the hard segment, urethanes or melamines are prefer 
ably used as a curing agent. 
On the other hand, the latent electrostatic image bearing 

member should have basic functions as a latent electrostatic 
image bearing member. More speci?cally, it is required to 
ensure su?icient light attenuation With exposure to obtain a 
printed image With high contrast. In order to secure suf?cient 
light attenuation, it is advantageous to formulate a conductive 
?ller for the purpose of providing a charge injection property 
from the conductor surface. Also, it is preferable to provide a 
charge injection property from the loWer layer and a charge 
transport property in the surface layer by introducing a charge 
transport segment in the cross-linked resin layer. In this case, 
the quality of the photoconductor itself if degraded if these 
additives become trapping sites of charges or cause a defec 
tive curing, so such de?ciencies are preferably prevented. 

For a case With the formulation of a conductive ?ller, the 
resistance of the surface layer preferably has about tWo digits 
less compared to the resistance of the loWer layer. Also, since 
the loss of transparency due to the formulation of a conductive 
?ller causes insuf?cient charge generation by means of expo 
sure, the formulated ?ller is preferably transparent even after 
?lm formation. More speci?cally, tin oxide is preferably used 
as a conductive ?ller. The resistance of the surface layer may 
be controlled With the con?guration of the resistance, formu 
lated amount and thickness con?guration of the conductive 
?ller. 
When a cross-linking charge transport material is included 

in the surface is layer, the ioniZation potential of the charge 
transport component after curing should be equivalent or less 
than that of the charge transport material in the loWer layer for 
the ease Where the charge carrier is a hole. This is reversed for 
the case Where the charge charier is an electron. Furthermore, 
the difference in the ioniZation potential of the charge trans 
port material included in the loWer layer and the uncured 
charge transport component are desirably small. This is 
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4 
because either charge transport component acts as a trapping 
site. More speci?cally, the combination preferably has the 
difference of 0.1 eV or less. Preferable charge transport com 
ponents are the folloWing compounds for the necessity of 
ensuring a suf?cient sport performance. 

Furthermore, during the formation of a surface layer hav 
ing a self-repairing function, components in the loWer layer 
may be dissolved and mixed in the surface layer, and they 
often act as a trapping site. Therefore, the solvent used for the 
formation of the surface layer is preferably a compound 
Which does not dissolve the loWer layer. Although it depends 
on the ?lm deposition method, a solvent preferably has a 
solubility of l L/l0 mg or greater. 

In another aspect of this disclosure, there is provided an 
image forming apparatus that includes at least: a latent elec 
trostatic image bearing member; a latent electrostatic image 
forming unit Which forms a latent electrostatic image on the 
latent electrostatic image bearing member; a developing unit 
Which forms a visible image by developing the latent electro 
static image With a toner; a transferring unit Which transfers 
the visible image to a recording medium; and a ?xing unit 
Which ?xes a transfer image transferred to the recording 
medium, and the latent electrostatic image bearing member is 
the latent electrostatic image bearing member of the present 
invention. As a result, a favorable image may be stably formed 
over a long period of time. 

In another aspect of this disclosure, there is provided an 
image forming method that includes at least: a latent electro 
static image forming process Which forms a latent electro 
static image on a latent electrostatic image bearing member; 
a developing process Which forms a visible image by devel 
oping the latent electrostatic image With a toner; a transfer 
ring process Which transfers the visible image to a recording 
medium; and a ?xing process Which ?xes a transfer image 
transferred to the recording medium, and the latent electro 
static image bearing member is the latent electrostatic image 
bearing member of the present invention. As a result, a favor 
able image may be stably formed over a long period of time. 

In another aspect of this disclosure, there is provided a 
process cartridge that includes the folloWing as a unit: a latent 
electrostatic image hearing member, and at least one unit 
selected from a charging unit, a developing unit, a transfer 
ring unit and a cleaning unit. Such a process cartridge has 
superior convenience and can stably provide a favorable 
image over a long period or time. 

BREIF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional diagram schematically shoWing 
an example of a layer composition of a latent electrostatic 
image bearing member of the present invention. 

FIG. 2 is a cross-sectional diagram schematically shoWing 
another example of a layer composition of a latent electro 
static image bearing member of the present invention. 

FIG. 3 is a cross-sectional diagram schematically shoWing 
yet another example of a layer composition of a latent elec 
trostatic image bearing member of the present invention. 

FIG. 4 is a cross-sectional diagram schematically shoWing 
yet another example of a layer composition of a latent elec 
trostatic image bearing member of the present invention. 

FIG. 5 is a cross-sectional diagram schematically shoWing 
yet another example of a layer composition of a latent elec 
trostatic image bearing member of the present invention. 

FIG. 6 is a schematic diagram shoWing an example of an 
image forming apparatus of the present invention. 
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FIG. 7 is a schematic con?guration diagram schematically 
showing an example of a lubricant coating mechanism used 
for an image forming apparatus of the present invention. 

FIG. 8 is a diagram illustrating an electrophotographic 
process Which uses another example of an image forming 
apparatus of the present invention. 

FIG. 9 is a schematic diagram shoWing yet another 
example of an image is forming apparatus of the present 
invention. 

FIG. 10 is a schematic diagram shoWing yet another 
example of an image forming apparatus of the present inven 
tion. 

FIG. 11 is a schematic diagram shoWing an example of a 
process cartridge of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Latent Electrostatic Image Bearing Member) 
A latent electrostatic image bearing member includes a 

support, a photoconductive layer on the support and a surface 
layer on the photoconductive layer, and it further includes 
other layers according to requirements. 

The latent electrostatic image bearing member has a supe 
rior self-repairing function. Regarding this self-repairing 
function, a ?lm having the same composition as the surface 
layer in the latent electrostatic image bearing member and a 
thickness of 5 pm or less is formed, and the haZe value 
measured after rubbing the ?lm With a steel Wool of #000 and 
a load of 500 gf is by necessity 10% or less, preferably 1.0% 
or less, and more preferably 0.5% or less. The haZe value 
exceeding 10% may result in an insuf?cient self-repairing 
function. 

Here, the haZe value may be measured With a commercially 
available haZe meter, for example. 

The latent electrostatic image bearing member in a ?rst 
aspect includes a support, a single-layer photoconductive 
layer on the support and a surface layer on the single-layer 
photoconductive layer, and it further includes other layers 
according to requirements. 

The latent electrostatic image bearing member in a second 
aspect includes: a support; a laminated photoconductive layer 
Which includes on the support at least a charge generating 
layer and a charge transport layer in this order; and a surface 
layer on the laminated photoconductive layer, and it further 
includes other layers according to requirements. In the second 
aspect, the charge generating layer and the charge transport 
layer may be laminated in a reverse order. 

FIG. 1 is a cross-sectional diagram schematically shoWing 
an example of a layer composition of a latent electrostatic 
image bearing member of the present invention, and it has a 
structure in Which a photoconductive layer 202 is disposed on 
a support 201. 

Also, FIGS. 2 to 5 are cross-sectional diagrams schemati 
cally shoWing other examples of a layer composition of a 
latent electrostatic image bearing member of the present 
invention. 

FIG. 2 is a separated-function photoconductor Which is 
composed of a charge generating layer (CGL) 203 and a 
charge transport layer (CTL) 204. FIG. 3 is a type of photo 
conductor in Which an undercoat layer 205 is disposed 
betWeen the support 201 and the charge generating layer 
(CGL) 203 of the separated-function photoconductor. FIG. 4 
is a type of photoconductor in Which a surface layer 206 is 
laminated over the charge transport layer 204. FIG. 5 is a type 
of photoconductor in Which an intermediate layer 207 is 
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6 
disposed betWeen the undercoat layer 205 and the charge 
generating layer 203. A latent electrostatic image bearing 
member of the present invention may include the other layers 
and the types of the photoconductors With arbitrary combi 
nation as long as it at least includes the photoconductive layer 
202 on the support 201. 

<Surface Layer> 
The surface layer has a superior self-repairing function as 

mentioned above. It includes at least any one of (1) a cured 
material of a composition including a polydimethylsiloxane 
copolymer, a polycaprolactone and a polysiloxane, and (2) a 
cured material of a polydimethylsiloxane copolymer to Which 
a polycaprolactone and a polysiloxane are introduced in the 
skeleton, and it further includes other components according 
to requirements. 
The composition (1) includes cases Where (i) a polydim 

ethylsiloxane copolymer, polycaprolactone and polysiloxane 
are independent constituents of the composition, (ii) a poly 
dimethylsiloxane copolymer in Which polycaprolactone is 
introduced in the skeleton and polysiloxane are constituents 
of the composition, and (ii) a polydimethylsiloxane copoly 
mer in Which polysiloxane is introduced in the skeleton and 
polycaprolactone are constituents of the composition. The 
respective compositions may be used alone or in combination 
of tWo or more. 

Also, (2) the polycaprolactone and the polydimethylsilox 
ane copolymer in Which polysiloxane is introduced in the 
skeleton may be used alone or in combination With one type 
or tWo or more types of the composition of (1) above. 
As the composition of (1) above or the polydimethylsilox 

ane copolymer of (2) above, an appropriately synthesiZed 
material may be used, or a commercial product may be used. 

Favorable examples of the commercial product include 
SELF-REPAIRING CLEAR No. 100, a trade name of Natoco 
Co., Ltd. 

iPolydimethylsiloxane Copolymeri 
The polydimethylsiloxane copolymer is a copolymer 

including a polydimethylsiloxane moiety and a polymer 
chain moiety of a vinyl monomer, and it may be a block 
copolymer or a graft copolymer. 
The polydimethylsiloxane block copolymer may be syn 

thesiZed With a living polymerization method, a macroinitia 
tor method or a polymer chain transfer method. 

Regarding the macroinitiator method, for example, an e?i 
cient synthesis of a block copolymer is possible through a 
copolymeriZation With a vinyl monomer by means of an aZo 
free-radical polymeriZation initiator. Also, a tWo-step poly 
meriZation is possible ?rst by copolymeriZing a peroxy 
monomer and a polydimethylsiloxane including an unsatur 
ated group at a loW temperature to synthesiZe a prepolymer 
With Which a peroxide radical is introduced to its side chain 
and then by copolymeriZing the prepolymer With a vinyl 
monomer. 

CH3 CH3 CH3 

CN CN CH3 CH3 

In the above structural formula, m represents an integer of 
10 to 300; and n represents an integer of one to 50. 
Regarding the polymer chain transfer method, for 

example, a silicone oil represented by the structural formula 
beloW is added With HSiCHZCOOH or 
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HS4CH2CH2COOH to form a silicone compound having an 
SH group, and a block copolymer may be synthesized 
through a polymerization of the silicone compound and a 
vinyl monomer by means of the chain transfer of the SH 
radical. 

CH3 CH3 CH3 

CH3 CH3 CH3 

In the above structural formula, m represents an integer of 
10 to 300. 

Regarding the polydimethylsiloxane graft copolymer, a 
graft copolymer may be easily and ef?ciently synthesized 
through a copolymerization of methacrylic ester of polydim 
ethylsiloxane represented by the structural formula beloW 
With a vinyl monomer. 

CH3 CH3 CH3 

CH3 CH3 

In the above structural formula, m represents an integer of 
10 to 300. 

The vinyl monomer used for the copolymerization With a 
polydimethylsiloxane is not particularly restricted and can be 
appropriately selected according to applications. Examples 
thereof include methyl acrylate, ethyl acrylate, n-butyl acry 
late, isobutyl acrylate, octyl acrylate, cyclohexyl acrylate, 
tetrahydrofurfuryl acrylate, methyl methacrylate, ethyl meth 
acrylate, n-butyl methacrylate, isobutyl methacrylate, 2-eth 
ylhexyl methacrylate, stearyl methacrylate, lauryl methacry 
late, methyl vinyl ether, ethyl vinyl ether, n-propyl vinyl ether, 
n-butyl vinyl ether, isobutyl vinyl ether, styrene, ot-methyl 
styrene, acrylonitrile, methacrylonitrile, vinyl acetate, vinyl 
chloride, vinylidene chloride, vinyl ?uoride, vinylidene ?uo 
ride, glycidyl acrylate, glycidyl methacrylate, aryl glycidyl 
ether, acrylic acid, methacrylic acid, itaconic acid, crotonic 
acid, maleic acid, maleic anhydride, citraconic acid, acryla 
mide, methacrylamide, N-methylolacrylamide, N,N-dim 
ethylacrylamide, N,N-dimethylaminoethylmethacrylate, 
N,N-diethylaminoethylmethacrylate and diacetone acryla 
mide. 

In addition, a vinyl monomer including an OH group such 
as 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 
2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate 
and aryl alcohol may also be used. Moreover, a product of 
Cardura E, manufactured by Hexion Specialty Chemicals, 
With acrylic acid, methacrylic acid, itaconic acid, crotonic 
acid or maleic acid may also be used. 

iPolycaprolactonei 
Examples of the polycaprolactone include bifunctional 

polycaprolactone diols represented by Structural Formula (i) 
beloW, trifunctional polycaprolactone triols represented by 
Structural Formula (ii) beloW and other tetrafunctional poly 
caprolactone polyols. Among these, polycaprolactone triols 
are particularly is preferable. 
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Structural Formula (i) 
O 

O 

In Structural Formula (i) above, the sum of m and n is an 
integer of four to 35, and R represents any one of C2H4, 
C2H4OC2H4 and C(CH3)2(CH2)2. 

Structural Formula (ii) 
0 

In Structural Formula (ii) above, the sum of l, m and n is an 
integer of three to 30, and R represents any one of 
CH2CHCH2, CH3C(CH2)3 and CH3CH2C(CH2)3. 
When a polycaprolactone is introduced to a skeleton of a 

polydimethylsiloxane copolymer, a radically polymerizable 
polycaprolactone is preferably used. Favorable examples of 
the radically polymerizable polycaprolactone include lac 
tone-modi?ed hydroxyethyl (meth)acrylates. 

R 

In the structural formula above, R represents a hydrogen 
atom or a methyl group, and n represents an integer of one to 
25. 

iPolysiloxanei 
The polysiloxane is not particularly restricted and can be 

appropriately selected according to applications. Examples 
thereof include: partial hydrolysate of a silane compound 
including a hydrolizable silyl group such as tetramethoxysi 
lane, tetraethoxysilane, methyltrimethoxysilane, methyltri 
ethoxysilane, dimethyldimethoxysilane and dimethyldi 
ethoxysilane; an organosilica sol that particles of silicic acid 
anhydride is stably dispersed m an organic solvent; and a 
compound that the silane compound With radical polymeriz 
ability is added With the organosilica sol. 
The polysiloxane provides properties such as heat resis 

tance and stain resistance to the obtained surface layer mate 
rial and therefore it plays an important role for an improve 
ment of the surface hardness of the surface layer material. 
The polydimethylsiloxane copolymer is usually synthe 

sized by means of solution polymerization. Examples of a 
solution in this solution polymerization include aromatic 
hydrocarbons solvents such as toluene and xylene; ketones 
solvents such as acetone, methyl ethyl ketone and methyl 
isobutyl ketone; esters solvents such as ethyl acetate, propyl 
acetate, isobutyl acetate and butyl acetate; alcohols solvents 
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such as ethanol, isopropanol, butanol and isobutanol, and 
these are used alone or as a mixed solvent. Furthermore, an oil 
soluble polymerization initiator such as benzoyl peroxide, 
lauryl peroxide, cumene hydroperoxide and azobisisobuty 
lonitrile are used according to requirements. 

The solution polymerization takes place preferably at a 
reaction temperature of 50° C. to 150° C. and preferably for 3 
hours to 12 hours. 
When at least any one of polycaprolactone and polysilox 

ane is introduced in the skeleton of the polydimethylsiloxane 
copolymer, at least any one of polycaprolactone and polysi 
loxane is added for copolymerization in the polymerization of 
the polydimethylsiloxane copolymer. When the composi 
tions are manufactured, each constituent is mixed in a usual 
manner. 

The quantity of the polydimethylsiloxane moiety in the 
polydimethylsiloxane copolymer (including a composition to 
Which at least any one of polycaprolactone and polysiloxane 
is introduced in the skeleton) is preferably 1% by mass to 30% 
by mass, and more preferably 1% by mass to 20% by mass. 
The polydimethylsiloxane moiety effectively provides 
lubricity to the photoconductor surface and reduces the tack 
ing property. HoWever, the above effects are not suf?ciently 
provided When the quantity of the polydimethylsiloxane moi 
ety is less than 1% by mass, and the quantity exceeding 30% 
by mass may reduce the stain resistance of the surface layer 
material. 

The molecular Weight of the polydimethylsiloxane moiety 
is preferably 1,000 to 30,000, and more preferably 5,000 to 
20,000 so that it is effectively oriented on the surface of the 
surface layer material to provide lubricity. 
The solid content of the polycaprolactone in the composi 

tion is preferably 5% by mass to 50% by mass, and more 
preferably 5% by mass to 30% by mass, Whether it is intro 
duced to the skeleton of the polydimethylsiloxane copolymer 
or exists independently in the composition. 

The polycaprolactone provides the high impact resilience 
and favorable adhesion to the surface layer material and When 
an abrasive force is applied, it absorbs the abrasive force With 
energy elastic deformation. When the content of the polyca 
prolactone is less than 5% by mass, the abrasion resistance 
and chipping resistance of the surface layer material may 
degrade. When it exceeds 50% by mass, the stain resistance of 
the surface layer material may degrade. 

The solid content of the polysiloxane in the composition is 
preferably 1% by mass to 20% by mass, and more preferably 
3% by mass to 15% by mass, Whether it is introduced to the 
skeleton of the polydimethylsiloxane copolymer or exists 
independently in the composition. 

The polysiloxane provides the stain resistance, Weather 
resistance and heat resistance to the surface layer material as 
Well as improves the surface hardness of the surface layer 
material When the content of the polysiloxane is less than 1% 
by mass, the above effects may not be suf?ciently provided. 
When it exceeds 20% by mass, the abrasion resistance of the 
surface layer material may degrade. 
The surface layer material may be obtained by hardening 

the raW materials. Here, the polydimethylsiloxane copolymer 
(including a composition to Which at least any one of poly 
caprolactone and polysiloxane is introduced in the skeleton) 
is preferably any one of urethane cross-linked material and 
melamine cross-linked material. 

For the urethane cross-linking of the polydimethylsiloxane 
copolymer, an urethane cross-liking agent is added to the 
polydimethylsiloxane copolymer having an OH group and 
hardened. Examples of the urethane cross-linking agent 
include methylene-bis(4-cyclohexyl isocyanate), trimethy 
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10 
lolpropane adduct of tolylene diisocyanate, trimethylolpro 
pane adduct of hexamethylene diisocyanate, trimethylolpro 
pane adduct of isophorone diisocyanate, isocyanurate of 
tolylene diisocyanate, isocyanurate of hexamethylene diiso 
cyanate, isocyanurate of isophorone diisocyanate, biuret of 
hexamethylene diisocyanate; and a block isocyanate of the 
polyisocyanates Furthermore, dibutyl tin laurate or dibutyl tin 
diethylhexoate may be added as a catalyst according to 
requirements. The urethane cross-linked material may be 
dried at a room temperature or by baking. Preferably, the 
drying at a room temperature usually takes place for eight 
hours to one Week, and the drying by baking takes place at 40° 
C. to 300° C. for ?ve seconds to 120 minutes. 

For the melamine cross-linked material of the polydimeth 
ylsiloxane copolymer, the raW materials are added With a 
melamine cross-linking agent such as alkoxymethylol 
melamine and cured. Furthermore, p-toluenesulfonic acid, 
trichloroacetic acid or tetrachlorophthalic acid may be added 
as a catalyst. For the melamine cross-linked material drying 
by baking is performed preferably at 80° C. to 250° C. for ?ve 
seconds to 60 minutes. 

It is preferable that the surface layer alloWs charge injec 
tion from the loWer layer of the surface layer for the purpose 
of ensuring the sensitivity of the photoconductor and that a 
compound including ot-phenylstilbene moiety, Which has the 
superior charge transport property, is used for providing the 
charge transport property to this surface layer. 
The compound including ot-phenylstilbene moiety is pref 

erably represented by Structural Formula (1) beloW. 

Structural Formula (1) 
Ar2—Xl R1 

In Structural Formula (1) above, R1 and R2 are the same or 
different and represent a substituted or non-substituted aryl 
group. 

Examples of the aryl group include: an aromatic hydrocar 
bon group such as phenyl group; a condensed polycyclic 
group such as naphthyl group, pyrenyl group, 2-?uorenyl 
group, 8,8-dimethyl-2-?uorenyl group, azulenyl group, 
anthryl group, triphenylenyl group, crycenyl group, ?uore 
nylidenephenyl group and 5H-dibenzo[a,d]cyclohepte 
nylidenephenyl group; a non-condensed polycyclic group 
such as biphenylyl group, terphenylyl group and group rep 
resented by Structural Formula (2) beloW; a heterocyclic 
group such as thienyl group, benzothienyl group, furyl group, 
benzofuranyl group and carbazolyl group. 

owe“ 
In Structural Formula (2), W represents 40*, iSi, 

iSOi, iSOzi, iCOi and a group represented by 
structural formulae beloW; and R106 represents a hydrogen or 
an alkyl group: 

Structural Formula (2) 

Where c represents an integer of one to 12; 
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Where d represents an integer of one to three; 

@Rm 
Where R107 represents a hydrogen atom or an alkyl group; and 
e represents an integer of one to three; and 

@Rms 
Where R108 represents a hydrogen atom or an alkyl group; and 
represents an integer of one to three. 

Arl, Ar2 and Ar3 are the same or different and represent a 
substituted or non- sub stituted arylene group such as divalent 
group of aryl groups given for the R1 and R2 above. 

The above aryl group and arylene group may include the 
following groups as a substituent. Also, these substituents 
represent examples ofthe R106, R107 and R108. 

(1) Halogen atom, tri?uoromethyl group, cyano group and 
nitro group; 

(2) straight-chain or branched-chain alkyl group having a 
carbon number of one to 12, preferably one to eight, and more 
preferably one to four: the alkyl group may further include a 
?uorine atom, a hydroxyl group, a cyano group, an alkoxy 
group having a carbon number of one to four, a phenyl group, 
a halogen atom, an alkyl group having a carbon number of one 
to four or a phenyl group substituted by an alkoxy group 
having a carbon number of one to four. Speci?c examples 
thereof include a methyl group, an ethyl group, an n-propyl 
group, an i-propyl group, a t-butyl group, an s-butyl group, an 
n-butyl group, an i-butyl group, a tri?uoromethyl group, a 
2-hydroxyethyl group, a 2-cyanoethyl group, a 2-ethoxyethyl 
group, a 2-methoxyethyl group, a benZyl group, a 4-chlo 
robenZyl group, a 4-methylbenZyl group, a 4-methoxybenZyl 
group and a 4-phenylbenZyl group. 

(3) Alkoxy group (iORlO9): examples thereof include a 
methoxy group, an ethoxy group, an n-propoxy group, an 
i-propoxy group, a t-butoxy group, an n-butoxy group, an 
s-butoxy group, an i-butoxy group, a 2-hydroxyethoxy group, 
a 2-cyanoethoxy group, a benZyloxy group, a 4-methylben 
Zyloxy group and a tri?uoromethoxy group. 

(4) Aryloxy group: examples of the aryl group include a 
phenyl group and a naphthyl group. This may include an 
alkoxy group having a carbon number of one to four, an alkyl 
group having a carbon number of one to four or a halogen 
atom as a substituent. Speci?c examples include a phenoxy 
group, a l-naphthyloxy group, a 2-naphthyloxy group, a 
4-methylphenoxy group, a 4-methoxyphenoxy group, a 
4-chlorophenoxy group and 6-methyl-2-naphthyloxy group. 

12 
(5) Substituted melcapto group or arylmelcapto group: 

examples thereof include a methylthio group, an ethylthio 
group, a phenylthio group and a p-methylphenylthio group. 

(6) A group represented by the folloWing structural for 
mula: 01 

R110 

—N 

R111 

In the structural formula above, R110 and R111 represent 
independently an alkyl group or an aryl group. 

Examples of the alkyl group include a methyl group, an 
ethyl group, an n-propyl group, an i-propyl group, a t-butyl 
group, an s-butyl group and an n-butyl group. 

Examples of the aryl group include a phenyl group, a 
biphenyl group and a naphthyl group. 

These alkyl groups and aryl groups may include an alkoxy 
group having a carbon number of one to four, an alkyl group 
having a carbon number of one to four or a halogen atom as a 
substituent. Also, a ring may be formed With carbon atoms in 
the aryl group. Speci?c examples thereof include a diethy 
lamino group, an N-methyl-N-phenylamino group, an N,N 
diphenylamino group, an N,N-di(p-tolyl)amino group, a 
dibenZylamino group, a piperidine group, a morpholino 
group and a julolidyl group. 

(7) Alkylenedioxy group such as methylenedioxy group 
and methylenethio group; and an alkylenedithio group. 
X1 and X2 are the same or different and represent any one 

of a hydroxyl group and iOi(CH2)PiOH, Where p repre 
sents an integer of one to 10. 

The charge transport material represented by Structural 
Formula (1) easily dissolves in a solvent such as alcohols and 
cellosolves, and ?lm formation With these solvents enables a 
formation of a dear and uniform ?lm and is effective. 
The formulation of the charge transport material in the 

surface layer as explained above enhances the charge stabil 
ity. As a result, the difference in the dielectric constant With 
the loWer layer is often eased. The discrepancy of the dielec 
tric constant betWeen the surface layer and the loWer layer 
causes an imbalance of charge and discharge in the respective 
layers, and it becomes dif?cult to ensure the charge stability. 
Therefore, an abnormal image such as afterimage may occur. 
The formulation of the charge transport material is advanta 
geous for providing the high reliability since it improves the 
sensitivity as Well as provides the charge stability. 
The surface layer is not necessarily as thick as the charge 

transport layer as a part of the photoconductor, e. g. about 15 
pm to 40 um, and thus it does not require the content of the 
charge transport component Which ensures the charge mobil 
ity equivalent to the charge transport layer, i.e. 30% by mass 
to 70% by mass With respect to the total mass of the charge 
transport layer. HoWever, the content of the charge transport 
layer in the surface layer represented by Structural Formula 
(1) above is preferably 1% by mass to 50% by mass, and more 
preferably 5% by mass to 30% by mass. 
The surface layer may be added With a conductive ?ller, i.e. 

speci?c resistance reducing agent, an alternative means to 
ensure the sensitivity of the photoconductor for enabling the 
charge injection from the front face of the surface layer. It is 
preferable that the conductive ?ller cures the surface layer 
and that its transparency is maintained even after the ?lm 
formation. Examples thereof include ITO particles and tin 
oxide particles. 
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A common organic solvent may be used as a dispersion 
solvent for preparing the surface layer coating. HoWever the 
contamination With the soluble fraction of the loWer layer 
during the ?lm formation is not preferable because causes 
insuf?cient curing or the formation of a site accumulating the 
rest potential. It is preferable to dissolve or disperse su?i 
ciently the component of the surface layer coating as Well as 
to select a solvent such that the solubility With respect to the 
loWer layer is 1 mL/ 10 mg or less. In this case, although it 
varies depending on the material of the loWer layer, alcohols 
and cellosolves may be easily used. 
On the other hand, severe accumulation of rest potential is 

observed When the surface layer coating component contami 
nates the loWer layer and a trapping site is formed. This is 
presumably because the accumulation is proportional to the 
square of the thickness according to the relation of Poisson’s 
equation. Thus, it is highly important to select a solvent Which 
does not dissolve the loWer layer. 

Methods for forming the surface layer include, for 
example, a dip-coating method, a spray-coating method, a 
ring-coating method, a roller-coating method, a gravure-coat 
ing method, a noZZle coating method and a screen printing 
method may be used. Among these, the spray-coating method 
and the ring-coating methods are particularly suitable since it 
is relatively easy in terms of production to achieve the stabil 
ity of the quality. 

The surface layer has a thickness of preferably 1 pm to 10 
um, and more preferably 2 pm to 5 pm. 

<Laminated Photoconductive Layer> 
The laminated photoconductive layer includes at least a 

charge generating layer and a charge transport layer in this 
order, and it further includes an intermediate layer and other 
layers according to requirements. 

iCharge Generating Layeri 
The charge generating layer includes at least a charge gen 

erating material, and it further includes a binder resin and 
other components according to requirements. 

The charge generating material is not particularly 
restricted and can be appropriately selected according to 
applications, and any one of an inorganic material and an 
organic material may be used. 

The inorganic material is not particularly restricted and can 
be appropriately selected according to applications. 
Examples thereof include crystalline selenium, amorphous 
selenium, selenium-tellurium, selenium-tellurium-halogen 
and a selenium-arsenic compound. 

The organic material is not particularly restricted and can 
be appropriately selected from heretofore knoWn materials 
according to applications. Examples thereof include phthalo 
cyanine pigments such as metal phthalocyanine and metal 
free phthalocyanine, aZulenium salt pigments, squaric acid 
methine pigment, aZo pigments having a carbaZole moiety, 
aZo pigments having a triphenylamine moiety, aZo pigments 
having a diphenylamine moiety, aZo pigments having a diben 
Zothiophene moiety, aZo pigments having a ?uorenone moi 
ety, aZo pigments having an oxadiaZole moiety, aZo pigments 
having a bisstilbene moiety, aZo pigments having a distyryl 
oxadiaZole moiety, aZo pigments having a distyrylcarbaZole 
moiety, perylene pigments, anthraquinone or polycyclic 
quinone pigments, quinone imine pigments, diphenyl 
methane or triphenylmethane pigments, benZoquinone or 
naphtoquinone pigments, cyarine pigments, aZomethine pig 
ments, indigoido pigments and bisbenZimidaZole pigments. 
These may be used alone or in combination of tWo or more. 

The binder resin is not particularly restricted and can be 
appropriately selected according to applications. Examples 
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14 
thereof include a polyamide resin, a polyurethane resin, an 
epoxy resin, a polyketone resin, a polycarbonate resin, a 
silicone resin, an acrylic resin, a polyvinyl butyral resin, a 
polyvinyl formal resin, a polyvinyl ketone resin, a polysty 
rene resin, a poly-N-vinyl carbaZole resin and a polyacryla 
mide resin. These may be used alone or in combination of tWo 
or more. 

A charge transport material may be added according to 
requirements. Also, other than the above-mentioned binder 
resins, a polymeric charge transfer material having a charge 
transferring function may be used as a binder resin in the 
charge generating layer. 

There are mainly tWo types of the methods for forming the 
charge generating layer, namely a vacuum thin-?lm prepara 
tion method and a casting method With solution dispersal. 

Examples of the vacuum thin-?lm preparation method 
include a gloW discharge electrolysis method, a vacuum 
deposition method, a CVD method, a sputtering method, a 
reactive sputtering method, an ion plating method and an 
accelerated ion inj ection method. Favorable ?lm formation of 
the above-mentioned inorganic materials and organic mate 
rials is possible With these vacuum thin-?lm preparation 
methods. 

The charge transport layer may be formed With the casting 
method by using a charge generating layer coating solution 
and by using common methods such as dip-coating method, 
spray-coating method and bead-coating method. 

Regarding an organic solvent used for the charge generat 
ing layer coating solution, examples thereof include acetone, 
methyl ethyl ketone, methyl isopropyl ketone, cyclohexane, 
benZene, toluene, xylene, chloroform, dichloromethane, 
dichloroethane, dichloropropane, trichloroethane, trichloro 
ethylene, tetrachloroethane, tetrahydrofuran, dioxolane, 
dioxane, methanol ethanol isopropyl alcohol, butanol ethyl 
acetate, butyl acetate, dimethylsulfoxide, methyl cellosolve, 
ethyl cellosolve and propyl cellosolve. These may be used 
alone or in combination of tWo or more. 

Among these, tetrahydrofuran, methyl ethyl ketone, 
dichloromethane, methanol and ethanol having a boiling 
point of 400 C. to 80° C. are particularly favorable for easy 
drying after coating. 
The charge generating layer coating solution is produced 

by dispersing or dissolving the charge generating material 
and the binder resin in the organic solvent. The method for 
dispersing an organic pigment in an organic solvent includes 
a dispersion method be means of a dispersing medium such as 
ball mill, bead mill sand mill and vibrating mill and a high 
speed liquid colliding dispersion method. 
The electrophotographic property, especially light sensi 

tivity, varies according to the thickness of the charge gener 
ating layer, and generally speaking, the light sensitivity is 
higher With larger thickness. Therefore the thickness of the 
charge generating layer is preferably con?gured in a favor 
able range according to the required speci?cations of the 
image forming apparatus. For the sensitivity required as a 
latent electrostatic image bearing member of an electropho 
tographic method, the thickness is preferably 0.01 pm to 5 
pm, and more preferably 0.05 pm to 2 um. 

‘Charge Transport Layeri 
The charge transport layer is aimed at maintaining the 

electri?cation charge as Well as transferring the charge gen 
erated and separated in the charge generating layer and bind 
ing it With the maintained electri?cation charge. High electric 
resistance is required to maintain the electri?cation charge. 
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Also, small dielectric constant and favorable charge mobility 
are required to obtain high surface potential With the main 
tained electri?cation charge. 

The charge transport layer includes at least charge trans 
port materials, and it further includes a binder resin and other 
components according to requirements. 

The charge transport materials are categoriZed into hole 
transport materials, electron transport materials and poly 
meric charge transport materials. 

Examples of the electron transport materials, i.e. electron 
accepting substances, include chloranil, bromanil, tetracya 
noethylene, tetracyanoquinodimethane, 2,4,7-trinitro-9-?uo 
renone, 2,4,5,7-tetranitro-9-?uorenone, 2,4,5,7-tetranitrox 
anthone, 2,4,8-trinitrothioxanthone, 2,6,8-trinitro-4H 
indeno [1 ,2-b]thiophene-4-one and 1,3 ,7 
nitrodibenZothiophene-5 ,5 -dioxide. These may be used alone 
or in combination of tWo or more. 

Examples of the hole transport materials include electron 
donating substances, include an oxaZole derivative, an oxa 
diaZole derivative, an imidaZole derivative, a triphenylamine 
derivative, 9-(p-diethylaminostyrylanthracene), 1,1-bis-(4 
dibenZylaminophenyl)propane, styrylanthracene, styrylpyra 
Zoline, phenylhydroZone ring, an ot-phenylstilbene deriva 
tive, a thiaZole derivative, a triaZole derivative, a phenaZine 
derivative, an acridine derivative, a benZofuran derivative, a 
benZimidaZole derivative and a thiophene derivative. These 
may be used alone or in combination of tWo or more. 

The polymeric charge transport materials include a mate 
rial having the folloWing structures. 
(a) A Polymer Having a CarbaZole Ring 

Examples thereof include poly-N-vinyl carbaZole and 
compounds disclosed in JP-A Nos. 50-82056, 54-9632, 
54-11737, 04-175337, 04-183719 and 06-234841 
(b) A Polymer Having a HydraZone Moiety 

Examples thereof include compounds disclosed in JP-A 
Nos. 57-78402, 61-20953, 61-296358, 01-134456, 
01-179164, 03-180851, 03-180852, 03-50555, 05-310904 
and 06-234840. 
(c) Polysilylene Polymer 

Examples thereof include compounds disclosed in JP-A 
Nos. 63-285552, 01-88461, 04-264130, 04-264131, 
04-264132, 04-264133 and 04-289867. 
(d) Polymer Having a Triarylamine Moiety 

Examples thereof include N,N-bis(4-methylphenyl-4 
aminopolystyrene and compounds disclosed in JP-A Nos. 
01-134457, 02-282264, 02-304456, 04-133065, 04-133066, 
05-40350 and 05-202135. 
(e) Other Polymers 

Examples thereof include a formaldehyde polycondensate 
of nitropyrene and compounds disclosed in JP-A Nos. 
51-73888, 56-150749, 06-234836 and 06-234837. 

Other examples of the polymeric charge transport materi 
als include a polycarbonate resin having a triarylamine moi 
ety, a polyurethane resin having a triarylamine moiety, a 
polyester resin having a triarylamine moiety and a polyether 
resin having a triarylamine moiety. 

The examples further include compounds disclosed in 
JP-A Nos. 64-1728, 64-13061, 64-19049, 04-11627, 
04-225014, 04-230767, 04-320420, 05-232727, 07-56374, 
09-127713, 09-222740, 09-265197, 09-211877 and 
09-304956. 
As a polymer having an electron donating group, a copoly 

mer With a heretofore knoWn monomer, a block polymer, a 
graft polymer, a star polymer and furthermore a cross-linking 
polymer having an electron donating group as disclosed in 
JP-A No. 03-109406 may also be used other than the poly 
mers listed above. 
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Examples of the binder resin include a polycarbonate resin, 

a polyester resin, a methacrylic resin, an acrylic resin, a 
polyethylene resin, a polyvinyl chloride resin, polyvinyl 
acetate resin, a polystyrene resin, a phenol resin, an epoxy 
resin, a polyurethane resin, a polyvinylidene chloride resin, 
an alkyd resin, a silicone resin, a polyvinyl carbaZole resin, a 
polyvinyl butyral resin, a polyvinyl formal resin, a polyacry 
late resin, a polyacrylamide resin and a phenoxy resin These 
may be used alone or in combination of tWo or more. 
The charge transport layer may also include a copolymer of 

a cross-linkable binder resin and a cross-linkable charge 
transport material. 
The charge transport substance and a binder resin are dis 

solved or dispersed in an appropriate solvent, and the solution 
or dispersion is coated and dried to form the charge transport 
layer. Other than the charge transport substance and binder 
resin, the charge transport layer may further include additives 
such as plasticiZer, antioxidant and leveling agent according 
to requirements. 

The thickness of the charge transport layer is preferably 5 
pm to 100 pm. The recent demand for high image quality has 
thinned the charge transport layer, and the thickness of 5 pm 
to 30 um is more preferable for achieving high image quality 
of 1,200 dpi or greater. 

<Single-Layer Photoconductive Layer> 
The single-layer photoconductive layer includes a charge 

generating material, a charge transport material and a binder 
resin, and it further includes other components according to 
requirements. 
The above-mentioned materials may be used for the charge 

generating material, charge transport material and the binder 
resin. 
When the single-layer photoconductive layer is disposed 

With the casting method, the single-layer photoconductive 
layer may often be formed by dissolving or dispersing the 
charge generating material as Well as loW-molecular and 
polymeric charge transport materials in an appropriate sol 
vent and by coating and drying the solution. A plasticiZer may 
also be added to the single-layer photoconductive layer 
according to requirements. As a binder resin Which may fur 
ther be used according to requirements, the binder resins 
mentioned above for the charge transport layer may also be 
used. In addition, binder resins for the charge generating layer 
may be mixed and used. 
The thickness of the single-layer photoconductive layer is 

preferably 5 pm to 100 um, and more preferably 5 pm to 50 
pm. The thickness of less than 5 pm may reduce the charge 
property, and the thickness exceeding 100 um may reduce the 
sensitivity. 

In the present invention, each layer may be added With 
antioxidant, plasticiZer, ultraviolet absorber, loW-molecular 
charge transport material and leveling agent to improve the 
gas barrier property of the surface layer and improving the 
environmental resistance. Typical materials for these com 
pounds are listed beloW. 

Examples of the antioxidant Which may be added to each 
layer include the folloWing (a) to (d), but it is not restricted to 
these: 
(a) Phenolic Antioxidant 
Examples of phenolic antioxidants include 2,6-di-t-butyl 

p-cresol, 2,4,6-tri-t-butylphenol n-octadecyl-3-(4'-hydroxy 
3',5'-di-t-butylphenol)propionate, styrenated phenol 4-hy 
droxymethyl-2,6-di-t-butylphenol, 2,5-di-t 
butylhydroquinone, cyclohexylphenol butylhydroxyanisole, 
2,2'-methylene-bis(4-ethyl-6-t-butylphenol), 4,4'-i-propy 
lidene bisphenol 1,1-bis(4-hydroxyphenyl)cyclohexane, 
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4,4'-methylene-bis(2,6-di-t-butylphenol), 2,6-bis(2'-hy 
droxy-3'-t-butyl-5'-methylbenZyl)-4-methylphenol 1 ,1 ,3 -tris 
(2-methyl-4 -hydroxy-5 -t -butylphenyl)butane, 1 ,3, 5 -trism 
ethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenZyl)benZene, 
tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)pro 
pionate] methane, tri s(3, 5 -di-t-butyl -4 -hydroxyphenyl)i socy 
anate, tris[[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyl 
oxyethyl]isocyanate, 4,4'-thiobis(3 -methyl-6-t-butylphenol), 
2,2'-thiobis(4-methyl-6-t-butylphenol) and 4,4'-thiobis(4 
methyl-6-t-butylphenol). 
(b) Amine Antioxidant 

Examples of the amine antioxidants include phenyl-0t 
naphthylamine, phenyl-[3-naphthylamine, N,N'-diphenyl-p 
phenylene diamine, N,N'-di-[3-naphthyl-p-phenylenedi 
amine, N-cyclohexyl-N'-phenyl-p-phenylene diamine, 
N-phenylene-N'-i-propyl-p-phenylene diamine, aldol-ot 
naphthylamine and 6-ethoxy-2,2,4-trimethyl-1,2-dihydro 
quinoline. 
(c) Sulfuric Antioxidant 

Examples of sulfuric antioxidants include thiobis([3-naph 
thol), thiobis(N-phenyl-[3-naphthylamine), 2-mercaptoben 
ZidaZole, dodecylmercaptan, tetramethylthiuram monosul 
?de, tetramethylthiuram disul?de, nickel 
dibutylthiocarbamate, isopropylxanthate, dilaurilthiodipro 
pionate and distearilthiodipropionate 
(d) Phosphorus Antioxidants 

Examples of phosphorous antioxidants include triph 
enylphosphite, phenylisodecylphosphite, tri(nonylphenyl) 
phosphite, 4,4'-butylidene-bis(3-methyl-6t-butylphenyl 
ditridecylphosphite), distearyl-pentaerythritol diphosphite 
and trilauril trithiopho sphite. 

Examples of the plasticiZer Which may be added to each 
layer include the following (a) to (m), but it is not restricted to 
these: 
(a) Phosphate-based PlasticiZers 

Examples of phosphate-based plasticiZers include triph 
enyl phosphate, tricresyl phosphate, trioctyl phosphate, octyl 
diphenyl phosphate, trichloroethyl phosphate, cresyl diphe 
nyl phosphate, tributyl phosphate and tri-2-ethylhexyl phos 
phate. 
(b) Phthalate-based PlasticiZers 

Examples of phthalate-based plasticiZers include dimethyl 
phthalate, diethyl phthalate, diisobutyl phthalate, dibutyl 
phthalate, diheptyl phthalate, di-2-ethylhexyl phthalate, 
diisooctyl phthalate, di-n-octyl phthalate, dinonyl phthalate, 
diisononyl phthalate, diisodecyl phthalate, diundecyl phtha 
late, ditridecyl phthalate, dicyclohexyl phthalate, butyl ben 
Zyl phthalate, butyl lauril phthalate, methyl oleyl phthalate, 
octyl decyl phtlalate, dibutyl fumarate and dioctyl fumarate. 
(c) Aromatic Carboxylate-based PlasticiZers 

Examples of aromatic carboxylate-based plasticiZers 
include trioctyl trimellitate, tri-n-octyl trimellitate and octyl 
oxybenZoate. 
(d) Aliphatic Dibasic Acid Ester-based PlasticiZers 

Examples of aliphatic dibasic acid ester-based plasticiZers 
include dibutyl adipate, di-n-hexyl adipate, di-2-ethylhexyl 
adipate, di-n-octyl adipate, n-octyl n-decyl adipate, diisode 
cyl adipate, dicaprylic adipate, di-2-ethylhexyl aZelate, di-n 
octyl sebacate, diethyl sebacate, dibutyl sebacate, di-n-octyl 
sebacate, di-2-ethylhexyl sebacate, di-2-ethoxyethyl seba 
cate, dioctyl succinate, diisodecyl succinate, dioctyl tetrahy 
drophthalate and di-n-octyl tetrahydrophthalate. 
(e) Fatty Ester Derivatives 

Examples of fatty ester derivatives include butyl oleate, 
glycerin monooleate, methyl acetyl ricinoleate, pentaerythri 
tol ester, dipentaerythritol hexaester, triacetin and tributyrin. 
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18 
(f) Oxycarboxylate-based PlasticiZers 
Examples of oxycarboxylate-based plasticiZers include 

methyl acetylricinoleate, butyl acetylricinoleate, butyl 
phthalyl butyl glycolate and tributyl acetylcitrate. 
(g) Epoxy PlasticiZers 
Examples of epoxy plasticiZers include epoxidiZed soy 

bean oil, epoxidiZed ?axseed oil, butyl epoxy stearate, decyl 
epoxy stearate, octyl epoxy stearate, benZyl epoxy stearate, 
dioctyl epoxy hexahydrophthalate and didecyl epoxy 
hexahydrophthalate. 
(h) PlasticiZing Dihydric Alcohol Esters 
Examples of plasticiZing dihydric alcohol esters include 

diethylene glycol dibenZoate and triethylene glycol di-2-eth 
ylbutyrate. 
(i) PlasticiZers Including Chlorine 
Examples of plasticiZers including chlorine include chlo 

rinated paraf?n, chlorinated diphenyl chlorinated fatty acid 
methyl ester and methoxy chlorinated fatty acid methyl ester. 
(j) Polyester-based PlasticiZers 
Examples of polyester-based plasticiZers include polypro 

pyrene adipate, polypropyrene sebacate, polyester and 
acetyliZed polyester. 
(k) Sulfonic Acid Derivatives 
Examples of sulfonic acid derivatives include p-toluene 

sulfonamide, o-toluene sulfonethylamide, p-toluene sulfon 
ethylamide, o-toluene sulfonethylamide, toluene sulfone-N 
ethylamide and p-toluene sulfone-N-cyclohexylamide. 
(l) Citric Acid Derivatives 
Examples of citric acid derivatives include triethyl citrate, 

triethyl acetylcitrate, tributyl citrate, tributyl acetylcitrate, tri 
2-ethylhexyl acetylcitrate and n-octyldecyl acetylcitrate. 
(m) Others 

Others include terphenyl partially-hydrated terphenyl 
camphor, 2-nitrodiphenyl dinonylnaphthalene and methyl 
abietate. 
The folloWing (a) to (f) list ultraviolet absorbents Which 

can be added to each layer, but it is not limited to these. 
(a) BenZophenone Ultraviolet Absorbents 
BenZophenone derivatives including 2-hydroxybenZophe 

none, 2,4-dihydroxybenZophenone, 2,2',4'-trihydroxyben 
Zophenone, 2,2',4,4'-tetrahydroxybenZophenone and 2,2'-di 
hydroxy-4-methoxybenZophenone. 
(b) Salicylate Ultraviolet Absorbents 

Salicylates including phenyl salicylate and 2,4-di-t-butyl 
3,5-di-t-butyl-4-hydroxybenZoate. 
(c) BenZotriZole Ultraviolet Absorbents 

BenZotriaZole derivatives including (2'-hydroxyphenyl) 
benZotriaZole, (2'-hydroxy-5'-methylphenyl)benZotriaZole 
and (2'-hydroxy-3'-t-butyl-5'-methylphenyl)-5-chlorobenZo 
triaZole. 
(d) Cyanoacrylate Ultraviolet Absorbents 

Cyanoacrylates including ethyl-2-cyano-3,3-dipheny 
lacrylate and methyl-2-carbomethoxy-3-(p-methoxy)acry 
late. 

(e) Quenchers (Metal Complex Salts) 
Quenchers including nickel[2,2'-thiobis(4-t-octyl)pheno 

late] -n-butylamine, nickel dibutyldithiocarbamate and cobalt 
dicyclohexyldithiophosphate. 
(f) HALS (Hindered Amines) 
HALS including bis(2,2,6,6-tetramethyl-4-piperidyl)se 

bacate, bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate, 
1 -[2- [3 -(3 ,5 -di-t-butyl-4 -hydroxyphenyl)propionyloxy] 
ethyl]-4-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy] 
2,2,6,6-tetramethylpyridine, 8-benZyl-7,7,9,9-tetramethyl-3 
octyl-1,3,8-triaZaspiro[4,5]undecane-2,4-dione and 
4-benZoyloxy-2,2,6,6-tetramethylpyridine. 
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A loW-molecular charge transport materials Which may be 
added to each layer is synonymous to those described for the 
charge generating layer. 
iSupporti 

The support is not particularly restricted as long as it has an 
electric conductivity, and it can be appropriately selected 
according to applications. An electric conductor or an insu 
lator With conductive treatment is favorable, and examples 
thereof include: metals such as Al, Ni, Fe, Cu and Au and 
alloys thereof; a support having a thin ?lm of metal such as Al, 
Ag and Au or a conductive material such as In2O3 and SnO2 
formed on an insulating support such as polyester, polycar 
bonate, polyimide and glass; a resin support that a metal 
poWder or a conductive glass poWder such as carbon black 
graphite, Al, Cu and Ni is uniformly dispersed in a resin to 
provide conductivity to a resin, and paper With conductive 
treatment. 

The support is not particularly restricted in terms of shape 
and siZe, and sheet-type, drum-type or belt-type support may 
be used. For example, a belt-type support increases the com 
plexity and siZe of the apparatus since it requires a driving 
roller and a driven roller, but on the other hand, it provides 
merits such as increased ?exibility of layout. When a protec 
tive layer is formed, hoWever, there is a possibility that the 
surface is cracked due to insu?icient ?exibility of the protec 
tive layer. This presumably results in the occurrence of back 
ground smear. Therefore, a drum-type support having high 
stiffness is favorable as a support. 
An undercoat layer may be provided betWeen the support 

and the photoconductive layer according to requirements. 
The undercoat layer is provided for the purposes of improving 
the adhesion, preventing moirés, improving the coating prop 
er‘ty of the upper layer and reducing the rest potential. 

The undercoat layer generally includes resins as a main 
component, and these resins preferably have loW solubility 
With respect to common organic solvents, considering that a 
photoconductive layer is coated With a solvent over these 
resins. 

Examples of the resins include Water-soluble resins such as 
polyvinyl alcohol casein, sodium polyacrylate; alcohol 
soluble resins such as copolymer nylon and methoxy methy 
lated nylon; a curing resin Which forms three-dimensional 
netWork such as polyurethane resin, melamine resin, alkyd 
melamine resin and epoxy resin. 

Also, the undercoat layer may be added With a ?ne poWder 
of metal oxide titanium oxide, silica, alumina, Zirconium 
oxide, tin oxide and indium oxide, metal sul?de or metal 
nitride. An undercoat layer thereof may be formed by means 
of a common coating method With an appropriate solvent. 

Also, as the undercoat layer, metal oxide layer formed With 
silane coupling agents, titanium coupling agents and chro 
mium coupling agents by means of a sol-gel method, a layer 
formed With an anodic oxidation of A1203 or a layer formed 
With organic materials such as polyparaxylylene (parylene) 
and inorganic materials such as SiO2, SnO2, TiO2, ITO and 
CeO2 by means of a vacuum thin-?lm preparation process 
may be used. 

The thickness of the undercoat layer is not particularly 
restricted and can be selected according to applications. It is 
preferably 0.1 pm to 10 um, and more preferably 1 pm to 5 
pm. 

In the latent electrostatic image bearing member, i.e. pho 
toconductor, an intermediate layer may be provided on the 
support according to requirements to improve the adhesion 
property and charge blocking property. The intermediate 
layer generally has resins as a main component, and these 
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20 
resins preferably have loW solubility With respect to common 
organic solvents, considering that a photoconductive layer is 
coated With a solvent over these resins. 

Examples of the resins include Water- soluble resins such as 
polyvinyl alcohol casein, sodium polyacrylate; alcohol 
soluble resins such as copolymer nylon and methoxy methy 
lated nylon; a curing resin Which forms three-dimensional 
netWork such as polyurethane resin, melamine resin, phenol 
resin, alkyd-melamine resin and epoxy resin. 

(Image Forming Method and Image Forming Apparatus) 
An image forming apparatus of the present invention con 

tains at least a latent electrostatic image bearing member, a 
latent electrostatic image forming unit, a developing unit, a 
transferring unit and a ?xing unit, and it further contains other 
units appropriately selected according to requirements such 
as discharging unit, cleaning unit, recycling unit and control 
ling unit. 
An image forming method of the present invention con 

tains at least a latent electrostatic image forming process, a 
developing process, a transferring process and a ?xing pro 
cess, and it further contains other processes appropriately 
selected according to requirements such as discharging pro 
cess, cleaning process, recycling process and controlling pro 
cess. 

The image forming method of the present invention may be 
favorably performed by means of the image forming appara 
tus of the present invention. The latent electrostatic image 
forming process may be performed by the latent electrostatic 
image forming unit, the developing process may be per 
formed by the developing unit, the transferring process may 
be performed by the transferring unit, the ?xing process may 
be performed by the ?xing unit, and the other processes may 
be performed by the other units. 

iLatent Electrostatic Image Forming Process and Latent 
Electrostatic Image Forming Uniti 
The latent electrostatic image forming process is a process 

to form a latent electrostatic image on the latent electrostatic 
image bearing member. 
As the latent electrostatic image bearing member, the latent 

electrostatic image bearing member of the present invention 
is used. 
The latent electrostatic image may be formed, for example, 

by charging uniformly the surface of the latent electrostatic 
image bearing member folloWed by imageWise exposure, 
Which may be performed by the latent electrostatic image 
forming unit. 
The latent electrostatic image forming unit houses at least 

a charging part that uniformly charges the surface of the latent 
electrostatic image bearing member and an exposing part that 
performs an imageWise exposure. The charging may be per 
formed, for example, by applying an electric potential to the 
surface of the latent electrostatic image bearing member With 
the charging part. 
The charging part is not particularly restricted and can be 

appropriately selected according to applications. Examples 
thereof include a contact charging unit, Which itself is here 
tofore knoWn, having a conductive or semiconductive roll, a 
brush, a ?lm or a rubber blade; and a noncontact charging unit 
utiliZing corona discharge such as corotron and scorotron. 
The con?guration of the charging member may be in the 

form of, other than a roller, a magnetic brush and a fur brush, 
and it may be selected according to the speci?cation and the 
con?guration of the electrophoto graphic apparatus. The mag 
netic brush is con?gured With: various types of ferrite par 
ticles such as Zn4Cu ferrite used as a charging member; a 
nonmagnetic conductive sleeve for supporting the charging 




















